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INTRODt:CTION 

Our ~tu~ies during the past year hav~ b~~n dire~ted towards \dentifying 

isocyanate-reactive individuals for further s tudy; challenge studies and 

pharmacologic follow-up cf proven isocyanate reactors; and determination of 

the specificity of the radioallergosorbent t~st (RAST) with isocyanate. 

MATERIALS AND METHODS 

Provocative Inhalation Chall~ns~ (PIC) of TDI "Sen5it1ve" Workets 

For PIC, workers w~ce transported to New Orleans and admitted to the 

Tulane Medical Cel"lter Hospi.tal for the dur~tion of testing. Provocative 

inhalation challenge was performed in the Environmental Science Research 

Building , The workers w~re exposed for 15 minutes in the environme~tal 

chamber to incre&sing l~vels of isocyanate on subsequent days, starting 

with a saline concentration on day one, 0.005 ppm TDI on day two, 0.01 ppm 

on day three, an 0.02 ppm on day four. Testing was usually halted when 

a 20% decrease in FEV
1 

was observed or when the patient failed to react 

to the 0.02 ppm for 15 minutes testing, although in some cases, testing 

was extended to 1 hour. Prior to exposure, pulmonary function testing 

was performed to obtain base-line levels. Measurement of lung function was 

determined following the exposure; initially at 5 minute intervals for the 

first lS minutes following 6xposure, thl!!n at 15 minute int~rvals for the 

next 2 hours, and thereafter at o~e hourly intervals for the remaind~r 

of t h• day. Prior to inhalation cballenge, a blood sample was collected 

for cy~lic AMP dose response slopes, and seru~ samples were collected for 

testing by th~ radio•ll~rgosorbent test (RAST) using p-tolyl (mono)­

isocyanat~ (TMI) conjugated to human serum albwatn . Where applicable, 
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reactors wer~ also challenged wich HOI or MDI. 

Methacholine chal l enge was performed on a separ~te day to det~~ine 

whether there was bronchi4l hyperreactivity. Subjacts were tested for 

baseline pulmonary function to ensure that all flow parameters we r e 

~ithin 80% of predicted normal values. Five br•achs of physiologic 

saline were .administered using a ~ird Mari 3 rebulizer and lung function was 

a&3in evaluated. This value was used as the base-line, prior to determining 

ef fect of methachoU.ne upon lung function. On breath of 5 mg per all 

concentration of methacholine was administered, and lung functicn was 

measured at 1.5 and 3 minute time intervals after inhalation. If a 20% 

drop was not observed, 5 breaths of the same concentration were administered. 

The procedure was continued using 10 mg/ml and 25 mg/ml concentrations. 

The test was stopped when either a 20% drop in FEV
1 

occurred or, in the 

absence of an. a.irway response, when 5 breaths of the 25 mg/ml concentration 

has been administered. Cumulative breath units (equivalent to one breath 

of 1 mg/ml) were calculated and dose response ~egression slope~ using 

cumulative breath units and percent decrease in FEV
1 

were graphed for 

each subject. 

LymphtJcyte Cyclic AMP Dose Response Slope Studies 

For this assay, lymphocytes were extracted from 50 ml of peripheral 

blood by Ficoll-Rypaque density gradi&nt centrifugation. Cells were 

checked for viability and one million lymphocytes were incubated with 

varying concentrations of isoproterenol in Hank's balancad salt solution 

(HBSS), and the isocyanute in dimethylsulfoxide (DMSO). Cells were wast1ed, 

precipitated with trichloroacetic acid, freeze-thawed to disrupt cells, 

and extracted wit~ water saturated ether. Cyclic AMP levels were quan­

titated using a standard raoioimmunoA~say method. The number of }icoMoles 
) 
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of cAMP were obt1ined from a standard graph and, for evaluation, were 

expressed as percent sti~ulation of ~~ above base-line. Dose respon~e 

regre~sion lines wer~ determined using the linear ascending portion 

of this slope. 

Enumeration of 6--aorenergic Receptor Sitl'!s 

The principle of the test to quantit.2te the number of a-adrenergic 

3 receptors is to use H alprenolol, a potent ~antagon~st, and a non-labelled 

antagonist, propranolol, to complete for available binding s i t es on 

lymphocyte surfaces. 

Hriefly, lymphocy~es were separated from 50 ml peripheral v~nous 

blood by the density gradient centrifugation method. Lymphocytes were 

6 counted and adjusted to 4 x 10 cells per 100 ~1 buffer f~r each 

sample tube. The tubes were 3Ssayed in quadruplic~te at the same tiu~. 

Cetls were inc~~ated with 3H alprenolol alone to give the total binding 

value. In ~daition, cells were incubated with appropriate concentrations 

of propranolol in ~ufficiently high concentrations to block the bind~nc 

of the alprenolol, and perm1t determination of non-specific binct ing of the 

labelled material. All lymphocytes were incubated for 5 minutes at 37°C 

and the re11ction was stopped by the addition of cold saline. The contents 

of the tubes were coll~cted on paper discs by filtration using a sampling 

manifold. Filter paper discs wP.re washed twice to elute any u.::'..:ound 

3 H alprenolol then transferred to scintillation vials ~~d allowed to ~ry 

overnight. The following morning, liquid· scintillation counting fluid 

was added to the vials and they were counted on a Becl~an Liquid Scintillation 

Counter. 
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It has been de t erminad that 75 + 12 fmol of alp renolol bound to 2 x 10 7 

c~lls corresponds to 2,000 &-receptors per cell. To determine the 

fe~tomoles (fmol) of alprenclol bound to the lymphocytes, the non-specific 

binding value was s11btracced from the total binding, a.nd the number of 

rec~ptors calcula:ed. 

RADIOALLERGOSORBENT TEST (RAST) 

Preparation of Hap ten Cunjuga: e!: 

Isocyanates used co prepare hapten conjugates were p-colyl mono-

i~ucyanace (TMI), xylP.ne di i socyanace (XDI), hexamethy1 diisocyanace (HDI), 

and diphenyl methylene diisocyanate (MDI). MDI was recrystallized prior 

to use. 

For the conjugation, 280 ul of TMI, XDI or HDI was added drop~Jise 

to 100 ml of a 1% so1~t ion of human serum ~lbumin (HSA) in borate buffer, 

pH 9.4 (0.05 H boric acid, Q.QS M Cl , 0.035 H NaOH), at 4°C. The mixture 

wa~ mai ntained at 4°C for JO minutes wi th stirring, chen centrifuged at 

1500 rpm for 15 minute3. The mi~ture was left undisturbed for 1 hour at 

0 4 C, then centrifuged. The supernat:ant Has dialized for 12 hours each 

against two changes of physiol?gical saline followed by four changes 

of distii1ed wa ter . The retencace was lyophilized and stored at -20°C. 

Fo r.' MDI, 265 m§ was dissolved in 10 ml p-dioxane by sonicati'Jn for 30 

minutes at room temperature. This was added dropwide to SO ml of 1% HSA, 

then create~ ~ above. 

ConJugation was confirMed by UV spectroscopy and electrophoresis. 

RAST: 

For RAST, hapt.,n conjugates were coupled to CNBr activated filter 

paper discs by addition of 10 mg/ml hapten-HSA in boratJ buffer, pH 8.0, 

/ 

) 
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for 6 hours on a rotator at room temperature. Following incubation, 

di~cs were washed three times in assay buffer (500 ml 0.2 M tris buffer, 

pH 7.5; 500 ml 1.8% NaCl (w/v); 10 ml 5% NaN 3; 5 ml Tween 20 ; 2 gm 8SA) 

ctnd l'ltorad in assay buffer at 4 °C untf.l u6e. 

For the test, 100 ~1 seruM ~as add~d to tubes con:aining a hap t en-

conju<Jate coupled disc or a HSA-couplerl control disc, incubatf'd overnight 

at room tem~erature on a rotator, and washed three times each with 2.5 ml 

saline to remove unreacted serum. 125 
O~e hurdr~d ml I-labelled anti-IgE 

(approximately 40,000 cpm) was added, tubes incubated overnight at room 

temperature on the rotato4:", then wast1ed three times in saline, and counted 

for 5 minutes on .: Beckman Biogamma counter. 

RAST ratio was determined by dividing cpm obtained with the test 

disc by cpm obtained with the HSA control disc. All tests were run in 

duplicate. 

Inhibition St udies 

To determine cross react i vity, 100 ~1 of PBS or 10 mg/ml solution 

of each hapten conjugate in phosphate buffered saline (PBS) was incubat ed 

with 100 1'1 serum .for 2 hours at room temperature. The mixtures were 

centrifuged at 2000 rpm for 15 minutes and 100 ml of supernatant used f or 

RAST as dt:!scribed abt.'Vfl. 

Caniers 

Other carriers used for the conjugation were: purified human serum 

albumin (HSA: Miles Pentex Labontory, K~nkake-., IL), oval bumin, Grade VI 

(OA: Sigma Chemical Co., St. Lavis, HO), ribonucleas~ A from bovine 

pancreas, Type I-A (RIB.A: Sigma Clemical Co., St. Louis, KJ), poly-1-lysina 

hy~robromide, Type V (LYS: Stgm& Ch~mical Cc., St . Louis, MO) and serum 

from a normal subject with no history of isocyanate exposure (NHS). The 
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protein content of the NHS was determined by the Lowry method; the 

concentration was calculated from a standard curve prepared using human 

serum albumin (Miles Pentex Laboratory, Kankakee, It). The amount of 

NHS used in coupling procedure~ corresponded to a 1% solution of 

human ser·~ albumin in 100 ml of isocyanate coupling buffer. 

Preparation of Isocyanate-Protein Conjugar~s 

All isocyanate-protein conjugates were prepared· by a s~andard protocol. 

Antig~ns were prepared by coupling the fo•1r isocyanates to HSA, OA, RIB.A, 

LYS or NHS. Briefly, the method consisted of dropwise addition cf isocyanate 

to a stirred 1! solution of protein carrier in buffer at ~H 9 . 4. The 

mixture was stirred on ice for 30 minu:es, centrifuged in glass centrifuge 

tubes for 15 minutes at 2,250 rpm, then left undisturbed for 1 ho~r at 4°C. 

Conjugat~~ were isolated by lyophilization after extensive dialysis at 4°C. 

Conjugationwasconfirmed by ultravio!.et spectroscopy and el ectrophoresis. 

Spectrophoto~etric Analysis 

The optical densi~ cf proteins and TMI-protein conjugates was recorded 

using a Beck~n Model 25 spectrophotometer . Conjugates were dissolved 

in phosphate buffered saline (PBS). To determine the moles of THI 

linked to the corresponding carrier ' proteins, optical density analysis 

of the conjugates was undertaken. A co:n.1 ugate of p-tolyl isocyanate-protein 

and p-tolyl isoc:y&Tlate-1: aminoc::aproic acid was prepa·red. Absorption 

standard curves of solutions of TMI-protein, protein!and ~-t amino-

caproic acid were prepared using four different concent7~tions of ~he 

constituents, to determine the molecular ratio of TM! to protein. Molar 

absorp ·· l,vity of the substance was calculatet! u.s1.ng thoe forarula: E • A/b~ , 

wher•t: A • oboerved absorbance; b • 1 c:m light paeh ; C ,. conl!entrat.ion of 

the :subatanc:ft in 1110lea per liter. Solving these equation•: 

I 
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• absorbance at 245 n~ due to TMI-HSA, 

• absorbance at 280 nm due to TM!··HSA, 

~ molar extinction coefficient of HSA at 245 nm, 

• molar ext i nction coefficient of TMI-taminocaproic acid 
at 245 nm, 

• molar extinction coefficient of HSA 4t 280 nm, 

E • molar extinction coefficient of TMI-taminocap~oic acid 
yw at 280 nm, 

2 

w
1

, w2 - wave lengths, 

C • concentration of HSA in moles per liter, 
X 

C • concentration of THI in moles per liter , 
y 

the equations become: 

l.64C • 40,j00 C + 13,250 C and 0.192 o 30,000 C + 
X 1 X 

720 c 
4 

Fro• thesr. equations the molecular ratio of TM1 to HSA was calculated. 
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Preparation of Acetic Anhydride-Protein Conjugates 

Acetylation was ?edot"tDed by treating 3% protein solution in half 

0 saturated sodium acetate with 1.8 ml acetic: anhydride for 4 days at 4 C. 

The conjugate was dialysed against distilled water to remove buffer and 

unreac:ted material. 

Electrophoresis 

Electrophoresis was used to evaluate the conjugate and the carrier 

mobilities. ~ticrosc:ope slides (70 x SO mm) were coated with 5. 5 ml of 1% -, J 
agarose (Eastman Organic: Chemical, Rochester, NY) in barbituric: acid buffer, 

pH 8.6. Ten micro-liters conjugate or control protein carrier (10 mg/ml PBS) 

waa ~laced into wells (4 mm in diameter) close to the cathode. Wicks (100· X 

100 mm) wetted with buffer were placed on polar ends of the gel, followed 

by electrophoresis for 45 minutes at 10 voltsicm current. The slides 

were re~ved, washed with saline, dried and stained with Coomas s i e Brilliant 

Bl"e for 10 minutes, then clarified with destain solution (450 ml 96% 

Ethanol, 100 ml glacial acetic acid, 4SO ml deionized water). 

RESULTS 

Pro•Joc:ative Inhalation Challenge Studies: 

The first individual (AG) had worked for seven years in a plant 

manufacturing TDI. PriOT to this period he had no previous respiratory 

problems although it is possible he 'uffered from mild rhinitis for a few 

years before he began working at the plant. One mont.h after he began working 

at the plant he noticed his first attacks· of tightness of the chest and 

wheezing. There was no accompanying rhinitis. At that time he was working 

in the maintenance department and was exposed to both TDI and iDA. This 

'j 
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continu~d for some 4 years. Following any spills of !DI h~ ~oul1 also 

develop coughing within a few minutes and, if the TDI level was high, 

he also developed wheezing and shortness of brea t h. He repc -~d appro~imately 

half a dozen acute attacks, in all, which prompted him to seek first aid 

in the medical department. These acute .• ttacks generally cleared up in one 

or ~o hours and never recurred once he ceased exposure and returned home. 

How~ver, on occaston, he reported spontaneous development of shortness of 

breath and wheezing after returning home when there had not been any 

obvious i~!diate attacks earlier in the day. In addi:ion to these acute 

attacks which were sufficient to cause him to seek medical attention, he 

estimated there had been 20 ' to 80 mino~ attacks per year. He said he 

could not remember details, but every one in the plan t had the same problem. 

When he was moved from the isocyanate areas his symptoms regressed; however, 

wh~n he was sent back to do jobs involv-ing rnr exposure, f rom time co time, 

his symptoms recurred. For the last six months b£for~ our testing he had 

noticed ~ild attacks, particularly of coughing, 2 or 3 times a week even 

without obvious isocyanate exposure. Finally at the time of a TDI plant 

tut~~round three weeks before we saw him, he developed a particularly 

bad attack. 

He ~as challenged on the f irst day we saw him with saline control, on 

the second day with TDI O.Oi8S ppm fQr 15 minutes, and on the third day with 

TDI 0.019 ppm for 60 minutes. No obvious positive responses were obtained 

alth?ugh he did complain of minimal symptoms fo~ 3 to 4 hnurs post challens~ 

with l hour of isocyanate. Challenge with methacholine showed that he had 

mild, non-specifi~ broncho-hyperresponsiveness, the number of units required 

to induce a response being 168 prior to the TDI challenges and 118 units when 

the TDI tests were completed. This ~ild change is of doubtful signficance; 

howeve~. non-specific hyperresponsiveness is known to increase following 
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late asthmatic reactions. Cvclic AMP dose response studies on this individual 

were normal. RAST ratios were not elevated . 

Thesecood individWll (S.P.) worked for a petroleum re ( ioery for 16 

years, primarily as an asphalt stillman. In No1ember of 1979, he vas 

seconded to a rever operation producing wax/carbon copying paper. His work 

involved miAing TDI with the wax and h~ .~as r equired to tip 5 gal lon buckets 

of TDI into an electric pump for the first 6 weeks of the operation. He and 

a colleague would d4ily pou~ a total of approximately JOO gallons of TDI 

into the pump over a period of time. There apparently were spills and 

subsequent continuous exposure t~ the wax-TDI-amin~ mixture used in the 

process. In reo.trospect, he. believed he noticed some shortr.ess of breath 

and ~heezing from the very first day he was involved in this process. 

One to two weeks after the p~ocess vas begun, an amine wa1 inadvertently 

mixed with the TDI and the chemical mixture erupted, giving off a dense 

cloud which contamiriated the whole building. At this time, he and most 

of his colleagues were affected by shortness of breath and a "cold." 

From then on, he had 3ymptoms which occurred within minutes of TD! be~ .ng poured 

and persisted throughout the work period, which frequently necessitated him 

returning home during the shift. Once removed from the work environment, 

however, his symptoms r~gressed quickly and he remained well at home. Once 

he suspected he had become affected by the isocyanate, he began to work 

outside of the processing building and re~ined well whenever be vas upstream 

from TDI. However, when the wind direct~on changed, he felt the symptoms 

occurred within S minutes and. on one occasion when a colleague camQ into his 

but with TDI contaminated clothes, he had a relapse within S minutes. In 

March. 1980, the process was closed down and 2 weeks later he felt fully 

recovered. In May 1980 !•owever, a truck carrying TDI was unloaded after 

) 
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which the residue in a hose discharged onto the ground around his hut. 

He es ti~ated the total spill involved approximately 5 gallons. This 

made him immediately ill and he returned ho~ . Although he did not deteriorate 

to such an extent that he required hospital assistance, he has nQt returned 

to the plant. His asthma , however, has continued and was· part cularly t ad 

for thf'. 2 weeks follo~ing his last day of work. During this period he 

awoke many tin~s at night, requiring the use of a bronchodilator inhaler. 

Asthma was formally diagnosed by a chest physician in June and has been 

treated with Theophyllin and Prednisolone and a bronchodilator ever since . 

Hhen the Prednisolone was discontinued three to four months af te · .. · his treat­

ment began, his symptoms recurred. When admitted to Tulane for testing, 

he was taking 20 mg of pr~dnisone on alternate days, Slophyl line 1 g dai ly, 

a L1onchometer aeroscl and a Vanceri l inhaler 4 to 8 times daily. While i n 

New Orle~~s all medication was withdrawn without relapse during the first 

week of his admi s s ion and inhalation prov~cation tests wP.re commenced. 

M~thacholine inh ation tests showed moderate broncho-hyperresponsivity. 

FEV1 'fell more than 20% after 10 methacholine inhalation units. Ha was 

challenged on subsequent days with ~ater and with a TDI concentration of 

0.0045 ppm for 15 minutes. The results of these tests showed ~- tn·ical 

late asthmatic reaction to the TDI expo~ure . Leukocyte counts carried our. 

in association with the inhalation challenge tests with TDI showed that the 

~sinophil · count rose by 57%. Methacholine challenge on the day following 

the TDI reaction s~,owed the responsft to now occur with S methacholine 

inhalation units. RAST with TMI-HSA and MDI-HSA were both negative. The cyclic 

AMP sample was lost in a lab accident. 

The third individual (G.F.) began working for a telephone company 
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July 1979. He generally worked outs ~de and was fr~quently involved in preparing 

polyurethan~ insulation material For underground cables. This involved 

mixing polyol with ' MDI which he did 2 to 10 ti.mes each month. Apart from 

occasional headaches, which he attri buted to exposure to the vapo·rs, he had 

never b~en aware of any respiratory or aller:!~ problems until an episode 

in April of 1980. On this day, he was on the ~urface mixing the two 

encapsulant components t-,;hile his workmates were in the hole. He pr.epared 

about 12 gallons in the space of 15 minutes. He recalls no accidents and 

no spills and he does noc o~lieve there was contamination of his clothes 

or his skin by direct contact. H~ lowered the prepa r ed mixtur~ to his 

workmates and daring the next 10 minutes he noticed some itching on his 

face followed quickly by similar itching on his limbs and trunk. He 

initially thought he was developing sunburn but when his wor~ ~ tes emerged 

some 20 minutes af ~er the symptoms began, they noticed that his f~ce was 

swelling and his eyes were closing. He ~a~ driven to the hospital, the 

journ~y taki~g approximately )0 minutes, during which time he felt fainr. 

and, on alrival, ~as only partially conscious, requiring assistance from 

nurses at the hosp i.~ al in order to walk from the car to the emergency room. 

By this time he loo~ed like a "Hichelin" man and was unable to see because 

his eyes were complet~ly cloeed. The nursing staff were unable to remove 

his boots because his legs and feet were swollen. He received injections 

and made a steady and ful~ recovery in the ensuing 60 minutes. 

He underwent 3 inhalation challenge tests with MDI in addit i on to 

control tests with saline. One of the r.nallenge tests involved mixing the 

regular reactants for the polyurethane encapsulant in a confined exposure 
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chamber. He did this for 15 minutes and atmospheric monitoring showed a 

mean concentration of ~IDI of 0.0007 .ppn. On subsequent days, he 1o~as exposed 

to highe r concentrations of atmospheric ~mr generated by heat in g ~rnr in 

a stream of dry nitrogen . The concentrations generated were measured by 

HPLC at 0.0016 ppm and 0.0091 ppm respectively . No respiratory response 

was seen follow ing these expcsures. 

To exclude t he pos~ibility that direct skin contact might have induced 

the reaction, h spent ten ~inutes washing his hands in the polyl component 

of the encapsulant mixture. After a further five minutes, he wa~hed his 

hands thoroughly. No local or generalized response was noted over the 

ensuing 30 minutes and S!l a further "washing" challenge wns performed using 

the same technique with MDI. Again no generalized or local response! was 

seen and no change in ventilatory function occurred. Routine skin prick 

test with ~nsect venom was negative. The fire anc prick test ~oncentracion 

of l in 10,100 proved co be negative but an intradermal test at this strength 

w~s strongly p0sitive. The intradermal test at 1 in 100,000 was negative. 

None of che bee , wasp, or hornet venoms showed a reaction, even at concentrations 

of up to 1 in 1, 000. Hethacroline challengoa was negative. RAST was negative. 

cAl~ was normal. This individual was felt to be a non-reactor who had most 

likely experienced an anaphylactic resp.onse to fire ant bite. 

A fourth individual (R.M.) was tested at Tulane Medical Center in May, 

1981. He had worked for some years for one of the large chemical companies. 

It was his job to visit other companies which used products produced by his 

firm to make polyurethane foams. He advised on modifications regarding 

the manufacturing process whenever difficulties arose with the quality of 

the end product. He estimated that he visited between 4-6 of these manu­

facturing plants each month. Of the 60 annual visits that he made, probably 

only 5 or 6 actually involved his exposure to the manufacturing area itself 
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~nd to isocyanates . He reported that in 1974 he dev~loped a cough 

which was at times productive of s~all quantities of mucopurulent sputu~. 

During 1975 to 1978 the attacks be~ame mor~ frequent and more severe, 

occurring from 5 to 10 times each year, between which he was generally well. 

He could not recall whether he had wheezing or shortness of breath at the 

time, but he did relate that .1e was treated with theophyllin through most 

of this period and corticosteroids for six months. He could not recall 

whether these medications were effective or not. During 1979 he became 

unduly short of breath associated with wheezing. This initially was inter-

mittent, but within a few mont~s the symptoms ~ecame persistent although 

their severity varied. He learned to relate worseniug symptoms with 

occupational exposure to TDI. During 1979 he became certdin that it was TDI 

exposure which produced immediate shortn~ss of breath, whee?ing and irritation 

of the eyes. Therewere no nasal symptoms. He had 3 particularly bad attacks 

during November and December of 1979 when he visited 3 different plants in 

close succession and had not fully recovered from the symptoms generated by 

the first visit be ~ore the subsequent visit began. After the third att~ck, 

he was feeling moderately unwell but was not admitted to hospital. He did, 

however, avoid fu~~her factory visits involving TD I exposu~e until June, 1980. 

During this period he had no further acute exacerbations but continued to 

feel short of breath with wheeze. 

He underwent methacholine inhalation challenge tests giving a 15% declin~ 

in FEV1 after the maximum cumulative dose vi .•thacholine (640 units), 

indicating minimal non-specific bronchohyperreactivity. He subsequently 

underwent provocative inhalation challenge test with steadilv increasing 

doses of TDT., receiving 15 minutes of 0.005 parts per million on the first 

) 

day; on subsequent d4ys, 0.01 and 0.02 ppm for 15 minutes, with a final exposure . ~ 

of 0.02 ppm tor 60 minutes. He not~d no symptoms during the control day 
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tut did r~mar~ feeling chest tightness during the af~ernoon and evening of 

each TDI challenge day. There was some evidence of a la~e reaction comm~ncing 

at 6 hours on the day of the las: TD! challenge for 60 minute ·:urther 

methacholine challenge, following completion o .~ the TDI provocative chi.llenge, 

showed that he now reacted to the cumulative dose of 320 units. The findinga 

sug~ested that this individual probably had a Jelayed onset asthma brougnt 

on by TDI. RAST test with TMI-HSA gave a ratio of 1.49. cAMP dose responses 

we ~:e normal. 

A fif ' h individual (M.S.) had worked most of his life as a spray painter, 

principally involved in spraying vehicles. He had no trouble medically until 

1974 when he began working for . a large company. rn this particular job he 

worked :tn the new paint shop' where he was the only spray painter. The shop 

was poorl y equipped but spraying was carried out with the aid of a protective 

respirator with outside air supp-ly. The job involved preparatory body work 

prior to spray painting for which he used epoxy resins which he both applied 

and sanded. At times he would spray for eight hours daily, but on average 

he probably spent a quarter to a third of his time actually .spraying. 

During 1974 he became aware of att3cks of s~ortness of breath accompanied by 

chest tightneMs and wheeze. There were no nasal problems. He related 

these attacks to his occupation of spr~y painting but not to the preparatory 

work. These attacks would come on immediately after he began spraying and 

would generally get worse at night when he w~s in bed, frequently disturbing 

his sleep. Similar attacks could persist for a week before full recovery 

occurred, even without further exposure. The dry cough sometimes persisted 

even longer. He attributed the symptoms to three particular paints. each of 

which had an activator of hardener which, on approaching the compan~es, 

was learned to be a dimeric. hexamethylene diisocyanate. During the yea1:-s 
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from 1975 to 1979 his SYL,ptoms grad~ally worsened. Though he tried 

different paints and various diff~rent respirl'.tors, he achieved no real 

relief until he stopped using the activators an~ hardeners. ije fouGd that, 

without this, the pa1.nt dried less quickly and had a less hard finish but 

was nonetheless r~asonably satisfactory. Once h~ adoptej this 

procedure his symptoms improved and attacks became less frequent; however, 

he became aware of. a few attacks which he could not obviously relate ro 

work. Some were related to exercise but had no previous provoking factors. -·) 

The paint shop was closed down in March 1981, and since that time he 

has been out ~f wo~ . and has been aware of only 2 episodes of wheezing and 

breathles~1ess. We challenged him with HDI beginning with 0.0034 ppm for 

15 minutes and increasing to 0.0167 ppm for 15 minutes. Finally we 

challenged him with 0 . 007 ppm for 60 minutes. We were unable to induce a 

bronchoconstriction re~ponse in him although his history was, overall, a 

convincing one; howevfir, dime:-ic HOI was used specifically in his occu-

pat ions, · and we are unable t ·'l use this in our present provocative challenge 

testing situation. It is felt by our inductrial hygienist chat the dimer 

from spraying operations could predominate as an aerosol and that quite 

larger quantities could be present .. Challenge with methacholine induced a 

20% decline in FEV1 aft~ 340 units. Subsequent challenge with methacholine 

following all of the HOI exposures gaye a 20% decline in FEV1 with 360 

units. Thus, the individual had a m!ld bronchohyperresponsiveness which did 

not c~ange signficantly fol1owing ·HDI exposure . RAST with TMI-HSA and RDI-HSA 

were normal. cAMP dose responses were normal. 

We are continuing to do follow-up studies on JM, who had worked as a 

pipe fitter at a company IIWlufac t uring TDI since 1973. Toward the end of 

his first year with that company he noticed two to four minor attacks of 

) 
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chest tightness with wheezing which did not cause distress and he sought 

no medical aid. Subsequently, he began working \n a rotating position with a 

maintenance 'shift wrich worked intermittently in the TDI area. He had 

respiratory attack' which lasted no more than one-hal£ hour. After one 

year he began working on a regular day shift 1n TDI manufacture and soon 

after developed moderately severe type wheezing some 2 hours after 

beginning work. There was also cough, tightness of Lhe chest and an 

undue shortness of breath. He sought medical aid and was treated with 

oxygen bronchodilators. r - was not aware of obvious TDI exposure. Since 

that time he has had dozens of episodes ?f tightness of the chest within 

15 to 30 minute~ of TDI expcsure, Yb:lch has. necess;.tated frequent visits 

to the sick i.Jay. His cough often persisted lonr.er, sometimes as much as 

24 hours, and would be productive with mucoid sputum which at times was yellow 

in color. Since recogni~ing a close relationship between TDI exposure and 

the attacks, he claims he has never experienced an attack without being 

aware of TDI odor. Some of these attacks, however, have invo'.ved apparently 

trivial degrees of exposure, since some have occurred several hundred 

yards away from the TO! zone, which he was downstream from prevailing winds. 

Because of his sensitivity he was finally moved to the most remote location 

away from the TDI manufacturing area. 

At the time that we first tested.him in March, 1980, he had been 

away from ·~DI exposure for threl! weeks and was completely free of symptoms. 

Methacholine challenge testing at this time show~d a significant fall in 

FEV1 following three inhalations of 5 mg/ml methacholine. This was followed 

en the following day with challenge with 0.005 ppm TDI for 15 minutes. 
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A quite marked immediate asthmatic reaction was provoked, with FEV
1 

falling from 4.45 liters to a minimum level of 2.2 (a decrease of 514), 

25 minutes after exposure commenced. Recovery from this reaction was 

complete within 2 hours, but after 3 hours, there was some evidence of a 

mild late reaction. In order to evaluate whether there might be cross 

reactivity between isocyanates, we also challenged this individual with 

15 minutes of HDI, at a concentration of 0.005 ppm. No symptoms were 

induced and there was no evidence of an asthmatic reaction. 

This individual was followed up on 3 further occasions: February 1981, 

. July 1981, and December 1981. When seen in February he reported ha had not 

had any more asthma attackS after working away froM the TDI area. The 

methacholine challenge test results showed that non-specific bronchial 

hyperreactivity had not changed significantly. He still reacted strongly 

when challen&ed with 0.006 ppm TDI for 15 minutes. 

When rechallenged in July, it now took a TDI concentration of 0.011 

ppm for 15 mtnuc2s to induce an equivalent bronchos~astic response. In 

November of 1981, he was still giving a definite immediate asthmatic 

response to 15 minutes exposure to TDI around 0.01 ppm. On this occasion 

we also tested him not only with the usual oixture of 2,4 and 2,6 isomers, 

but also with the pure 2,6 isomer. He . responded to both in an identical 

fa~hion. There were, however, on th~e occasions no evidence of a late 

reac~ion, suggesting further lessening of reactivity. Repeat of the 

methacholine challenge test, both before .and after inves~igations, showed 

identical levels of non~pe~ific bronchial hyperreactivity. This sensitivity 

does not appear to have alt,tred significantly since we first saw him. 

" ) 

.J 
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RAST with TMI-HSA on the serum sample collected in Februa~y. 1981 

was not perfo~ed. The ratio obtained on the June, 1981 sample was 

2.22. The November, 1981, serum RAST ratio was 1.52. 

cAMP dose responses with TDI, and isoproterenol were within nc.•'tmal 

limits for the February, June and November samples. 

When first seen in March, 1980, the ~adrenergic receptor numbers were 

reduced by approximately 25%. The receptor numbers were all within normal 

limits on the February, June and November 1981 samples. 

Spectroscopic analysis 

The molecular ratio of TMI to HSA was approximately 32.1. It was not 

possible to calculate the number of 1110les of reagent bound to protein for 

the other cor.j ugates. However, for all the c.onj ugates used in this study, 

analysis in the ultraviolet region showed differences between the absorption 

curve of the proteins and the absorption curve of isocyanate-protein complexes. 

These differences reflect changes in the protein molecule and were 

conslstent with a reaction between ~he isocyanate and the protein. Spectro­

scopic examination of hexamethylene diisocyanate-protein conjugates was the 

only case which gave no change in the absorption curve curves. This 

agreed with che fact that few aliphatic compounds give an absorption band 

in the region between 220 and 290 nm • . The assumption that a chemical 

alteration in the protein molecule occurred as a result of the action of 

different isocyanates 'ilas, however, supported by electrophoretic assay 

o~ our conjugates. 

Electrophoretic studies 

The results of the electrophoretic studies are shown in Figure 1. 

All conjugates showed increased anodic migration with the exception of 

Ribonuclease A, which showed cathodic mobility. 
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EVALUATION OF THE RADIOALL.S::RGOSORBENT TEST (RAST) 

During this year we also completed th~ evaluation of RAST results 

on serum sampl~s collected during the final epidemiological survey v~sit to 

the Olin plant in Lake Charles. Our results showed that 7 of 149 workers 

gaY~ a positive RAST test. One of these 7 individuals had a probable 

history of TDI sensitivity and one had a rash which was possibly caused 

by TDI exposure. All the remaining 5 were asymptomatic and no evidence of 

isocyanate induced disease could be found. A manuscript waa prepar~d and sent 

to III prior to being submitted to the journal "Clinical Allergy" for 

publication. 

We also evaluated RAST positive sera to determine whether there was 

cross-reactivity between different isocyanates (TMI, HDI, HDI, XDI) conjugated 

to human serum albumin. The results of inhibition studies using the different 

isocvanate-HSA conjugates showed that the antibodies present in the se~um from 

the TDI workers reacted with conjugates of human serum albumin with isocyanate 

other than TM! Table I. They did not, however, give a clear cut RAST 

inhibition pattern, as would be expected if there is cross-reactivity. ) 
The suggestion was raised that these antibodies may be ~hawing some degree 

of specificity for the. carrier molecule. tole therefore prepared conjugates 

of TMI, XDI, MDI and HDI with ovalbumin, ribonuclease, lysine and normal 

human serum. The results of these st'udies are shown in Table II. The 

lack of positive results with the ovalbumin and the ribonuclease-isocyanate 

conjugates were strongly suggestive of carrier specificity of the antibo'dy 

rather than hapten specificity (i.~. the antibodies are directed against 

altered protein rather than asainat th~ tsocyanate portion of the 

complex). 

To test this, we atteapted to alter human serwa albumin using acetic 

Acetic: anhydride reacts with the NH2 sroup of lysine in the 
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protein in a simil way to t hat which is thought to occur with isocyanates. 

When the RAST tes t was car~ ·~e ; out using a TMI-HSA positive antisera 

with this acetic anhydride aL ' :-ed human serum albumin, a strong positive 

was obtained with one of the w~~ker's serum sample. The results of 

inhibition studies are shown in Table III. Theu st:udies co·nfirm the 

possibility of carrier specificity of the antibodies. Th:f.s. together 

with the other tindings, is strong evidence that the antibodies in the 

lAST are indeed carrier, rather than hapten, specific. A manuscript is 

i n preparation ~es~ribing these findings. 

Cold air studies 

The studies comparing cold air challenge with methacholine challenge 

showed that there was a reasonable correlation when the cold air was 

deli•;ered in conjunction with hyperv'!ntilation . There are, however, 

major problems with the cold air method in that it is not possibll! to 

co~trol the severity of the bronchoreaction as can be done with ~!thacholine . 

We have therefore stopp~d doing these tests and do not f~~ l that :lt would 

be an appropriate test to do at t he worksite. 



Table I. Example of Cross Reactivity Testing Using RAST 
Inhibition 

Post incubation RAST ratio with 

Pre incubation TMI-HSA HDI-HSA ~IDI-HSA XDI-HSA 

TIU-HSA o. 78 0.60 0.62 I 0. 86 

HDI-HSA o. 75 0.16 0.51 0.19 

MDI.:.HSA 0.35 0.25 0.09 0.26 

XDI-HSA 0.63 l 0.15 0.52 0.07 

,, b 1 di RAST after pre incubation of serum .. um ers n cate RAST before pre incubation of serum 

Thus, numbers approaching 1 • no inhibition and numbers 
approaching 0 • inhibition 



-!o!'ker THI- MDI - XDI- HDI-
HSA HSA HSA HSA 

1 1.71 3.05 3. 95 4.10 

2 4.94 2.42 7. 22 6.89 

3 42. 26 25.68 38.59 35.33 

4 I 11.80 1.45 1. 52 1. 67 

5 24.3 21.25 

:ont ro1 

1 1. 27 1. 39 0.99 1.01 

2 1.68 1. 63 1. 39 1. 46 

3 1.37 1. 32 1. 22 1.14 

4 1. 36 1. 25 0.97 0.95 

5 1.72 

Table II. Re sults of the radioa1lergosorbent testing in the sera of 
isocyanate reactors and in the sera from controls. 

RAST INDEX 

nn- MDI - XDI- HDI- THI- t-ID I - XDI - HDI - nn- XDI- HDI-
OA OA OA OA HHS HHS HHS HHS RIB.A RIB.A RIB.A 

1.71 1.67 2.82 1.56 2.96 2.58 2.22 4 . 21 3. 44 2.22 3.29 

1.50 1.13 1. 28 1.44 3.12 1.92 4.64 4.26 3. 01 1.44 2.18 

3. 21 1. 21 1.89 1.44 24.70 3~.93 36.67 36.69 14.55 1.96 3.14 

1. 21 0.94 1.02 0.89 2.63 1. 59 1.37 1. 43 2.19 1.11 r-21 
1. 63 1.66 

I 

11.52 l. 32 0.85 0.83 1. 92 0.98 0.90 0.85 2.67 1.10 0.96 
I 

1. 4 7 1.21 1.03 0.93 2.26 1. 59 1.11 1.05 2 .86 1.19 1.31 

2.06 1.47 1. 30 0.94 2.23 1.05 1.02 0.94 3.63 1. 34 1.52 

1. 42 1.18 1.17 0.85 2.33 l. 02 0.93 0.86 2.68 1.07 0.89 

1. 33 1.14 0 . 82 
- --

THI- AA-
LYS. HSA 

1.18 1. 78 

1.06 1.54 

1.10 15.57 

0.89 0.98 

1.21 1.11 

1. 21 1.26 

1.25 0.99 

1.06 0.92 



Pre~ incubation 
serwa with 

Saline 

HSA 

TMI-HSA 

~ID!-HSA 

L AA-HSA 

*See 'l'abl e L 

Table III. RAST inhibition studies .. .rith Acet1~ 
.~hydride altered HS \ (fA-HSA) 

of Post incubation RAST Ratio 

TMI··HSA Mi.H-HSA AA-HSA 

62.7 ~~l 
61.4 30.1 29.6 

* * 2.4 

* * 2.0 

70.6 29.6 2.4 

) 

) 

. 1 
./ 



Figure l. Electrophoresi~; of pl'."otein-1socyanate 
conjugates 
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Comments on the annual report by Butcher of January 1982 

1. In the case of a bronchial provocation 2,4 TDI had 

the same effect as 2,6 TDI. 

2. The determination of the bronchial hyperreactivity 

in connection with cold air has in the meant~e been 

discontinued because of dosage problems. (1) 

3. In the pGrt describing methods B. mentions a method 

of determining the beta-adrenergic receptor sites; 

however, no results were presented. 

4 . During the period convered by the report 5 patients 

wi th potential hypersensitivity were examined. When 

relating this to the research subsidy paid by III, the 

project appears ~o be rather impractical. Moreover, no 

final diagn.:>sis is given for several o f the case 

histories. 

5. For case 2 an exo~bitant increase of the eo~inophilene 

was observed after PIC; any comments or interpreta­

tion of this diagnosis are missin~: have such phenomena 

been observed frequently? May thi s b~ ~aken as a 

criterion for any ~unological hypersensitivity? 

6. Case 4 is taken by Butcher as a hypersensitivity of 

delayed type, although ~AMP was negative?! (From this 

may be ded\1.Ced that cAMP appears to have no appreciable 

importance. ) 



Akiba~ehe . 

.J~&:suka-lcu. Yokohama. 
244 ..Jap., 

Phone Yokohama (045) 112 -I! 15 

Tele11 3122-&13 

Dr. Dennis C. Allport 

Polyurethanes R~search and 
Application Research Manager 
A. R. T. S. Dept. , Organics Division 
Imperial Chemical Industrie3 P LC 
PO Box 42, Hexagon House 
Blackley, Manchel'!ter 
M9 3D A, England 

Dear Dr. Allport : 

NIPPON 
POLYURETHANE 
INDUSTRY 
CO .. LTD 

RESEARCH 
LABORATORY 

March 25, 1 982 

The following is the comments of FE Toxicology and Occupational Health Suh­
committee on the final report for I.I.I. Project B-10-NA-4 titled " Studies of 
Toluenediisocyanate Induced Pulmonary Disease ". 

1. Methacholine inhalation challenge seems not to be effective method to identity 
the isocyanate-sensitive personnel, and it is not an acceptable method in Japan 
from the Japan ease public common sense. 

2. The result or this study seems to be somewhat different from tha t or Dr. Karol 1 s 
•tudy, because some correlation was found between TDI sensitization and RAST 

positiveness in Dr. Karol 1 s study, while almost any correlation wasvobserved 
between them in this report. This is a questionable point. /ITot 

With warmest per:;onal regards, 

cc :Dr. Sumi 
FE Subcommittee Members 

Sincerely yours, 
, .. 

if,~~ 
.Susumu Inoue 

Chairm · "' FE Toxicology and 
Occupat1onal Health Subcommittee 
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Arthur Chivvis 
~1anaging Diro!ctor 

TULANE UNIVERSITY 
School of M•tiicm. 

NEW ORLEANS, LA. 70112 

.· June 4, 1982 

International Isocyanate Institute 
P .0. J3ox 1268 
New Canaan, Connecticut 06840 

Dear Art: 

.tUN 1 Q 1982 

This letter is to address some of the queries raised regarding the 
progress report1as requested by Dr. Allport. 

In answer to Professor Diller's comments: We have perfcrmed beta 
receptor determinati.ons on patient JH. Initially this patient had re­
duced receptor numbers. On the three subsequent testings the number 
of receptors were all found to be within normal limits. 

c 

Regarding the final diagnosis for the individuals who underwent pro­
vocative inhalation challenge: The first patient probably does not have 
TDI reactivity but we cannot completely exclude this possibility. The 
second patient has late onset asthma induced by isocyanate. The third 
individual does not have isocyanate induced asthma and the reaction ob­
served was almost certainly due to being bitten by a fire ant. The fourth 
individual has a probable delayeu onset asthma induced by isocyanate. The 
fifth individual probably is not sensiti,re to isocyanates although we 
cannot completely exclude the possibility, in view of the likelihood that 
polymeric isocyanates may be present in high concentration in the spraying 
operation. The sixth indiv dual is !l confirmed TDI sensit'i.ve individual. 
We are following him longitudi nally to determine whether he loses his TDI 
and methacholine reac~ivity. 

Case number 2 was the only case where ~ saw a marked increase in total 
peripheral blood eosinophil count. An increase in blood eosinophil& is 
often associated with asthma. We have, h~·~ver, been .looking at all challenge 
study patients for the total eosinophil numbers and the eosinophil!~ noted 
in case number 2 has not been a common finding in TDI reactive individuals. 

Case number 4 is indeed probably a delayed asthma. Th~ comment re­
garding cyclic AMP 1.1 well taken. Most of the individilals we have tested 
h.ave been immediate reactors and, in these individuals, we hav'l! seen de­
cnased cyclic AMP lf\vels. A greater number of individuals with immediate, 

) 

· / 



delayed, or late onset isocyanate induced asthma need to be examined before 
any conclusions can be drawn regarding the importanc• of adrenergic effects 
of isocyanate& . 

In reply to the comments of Doctor Inoue: A possible iifference be­
tween our findings and those of Doctor Karol is that we are performing 
provocative inhalation challenge on our study subjects to confirm sensi­
tization to IDI. I understand Doctor Karol's study subjects are considered 
sensitive only on the history. A.t14 may be noted frol:ll some of the individuals 
that we have tested by provocative inhalation challenge, workers can present 
with a reasonably strong history indicative of TDI sensitivity, yet upon 
challenge, prove to be non-reactive. This could very much affect the 
f i ndi ngs regarding use of the RAST test as a diagnostic procedure. 

I hope these comments help to clarify the points raised regarding 
the progress report. 

BTB/gw 

Yours sincerely, 

Brian!. Butcher, Ph.D. 
Associate Professor of Medicine 
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